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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to a semiconductor device 
manufacturing apparatus such as an exposure 
apparatus usable in manufacture of semiconductor 
devices, for forming fine patterns on a semiconductor 
wafer. More particularly, the invention is concerned 
with a substrate conveying device and a method of 
controlling the same, usable in such a semiconductor 
device manufacturing apparatus, for conveying a sub- 
strate such as a mask, for example. 

In the field of manufacture of semiconductor 
devices, a mask conveying device is known wherein 
a mask having a pattern to be printed on a semicon- 
ductor wafer is conveyed onto a mask stage and, by 
pressing the mask against reference means such as 
a V-shaped block provided on the mask stage, the 
mask Is positioned correctly. As for such mask con- 
veying device, there are some types one of which is 
that a mask Is conveyed while being placed upright, 
parallel to a vertical plane; Another is that a mask is 
conveyed while being laid horizontally. 

Japanese Laid-Open Patent Application No. 59- 
046030 shows an arrangement wherein a mask is 
attracted to a mask chuck until the temperature of the 
mask becomes substantially equal to the mask chuck 
temperature and, after that, the attraction of the mask 
chuck to the mask is once released and, then, the 
mask Is attracted again by the mask chuck. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
Nan improved substrate conveying device for convey- 
ing a substrate such as a mask, for example. 

It is another object of the present Invention to pro- . 
vide a method of controlling such a substrate convey- 
ing device. 

It is a further object of the present invention to pro- 
vide a conveying device and a method of controlling 
the same, which is usable In a semiconductor device 
manufacturing apparatus and by which a mask having 
a pattern to be transferred onto a semiconductor 
wafer can be conveyed and positioned with high pre- 
cision. 

it is a yet further object of the present Invention to 
provide a conveying device and a method of control- 
ling the same, by which, for the positioning of a mask 
upon a mask stage, undesirable distortion of a pattern 
formed on the mask can be minimized. 

It Is still another object of the present invention to 
provide a conveying device and a method of control- 
ling the same, by which, even If a mask conveyed to 
a mask stage Is tilted with respect to the mask stage, 
high-precision positioning of the mask is attainable by 
using a reference means such as a V-shaped block. 

For example, as shown in Figure 1A, if a mask 
100 conveyed to a mask stage 102 Is tilted and, In this 



state, it Is pressed against a V-shaped block 101 and 
then Is attracted to the mask stage, then the attracted 
mask 100 is spaced away from the V-shaped block 
101. This results in failure of high-precision posrtion- 

5 ing. In an aspect, the present invention aims at solving 
such inconvenience. 

it is a yet further object of the present Invention to 
provide a conveying device and a method of control- 
ling the same, by which, for the positioning of a mask 

10 upon a mask stage, the mask can be pressed against 
a reference means such as a V-shaped block, with a 
constant pressing force stably. 

It Is stfll another object of the present invention to 
provide an improved conveying device for moving a 

is substrate such as a mask to a mask stage through a 
motor drive, as well as a method of controlling such 
conveying device. 

It is yet another object of the present invention to 
provide a conveying device and a method of control- 

20 'ling the same, by which, even if collision of a substrate 
such a mask occurs during the conveyance, the oper- 
ation of the substrate conveying device can be stop- 
ped quickly to minimize the possibility of damage of 
the substrate and/or the conveying device. 

25 It is yet another object of the present Invention to 

provide a conveying device and a method of control- 
ling the same, by which undesirable production of 
dust or foreign particles at the positioning of a mask, 
using a reference means such as a V-shaped block, 

30 can be minimized. 

It is yet another object of the present invention to 
provide* a conveying device and a method of control- 
ling the same, by which, for the positioning of a mask 
upon a mask stage, undesirable distortion of a pattern 

35 formed on the mask is minimized to assure high-preci- 
sion printing of the mask pattern upon a semiconduc- 
tor wafer. 

It is yet another object of the present invention to 
provide a conveying device and a method of control- 

40 ling the same, by which, when a mask is to be held by 
a mask stage with the mask placed vertically, the 
mask can be positioned accurately by using a refer- 
ence means such as a V-shaped block. 

In accordance with an aspect of the present 

45 invention, there Is provided a positioning method for 
a mask conveying device having a mask hand for grip- 
ping a mask and a conveying means for conveying the 
mask to a mask stage, the conveying means having 
a reference means for the positioning of the maskwith 

so respect to a mask chuck adapted to hold the mask by 
attraction, the mask being pressed against the refer- 
ence means on the mask stage whereby it is posi- 
tioned, wherein the method includes: a first attracting 
step for holding, by attraction, the mask through the 

55 mask chuck as the mask is conveyed onto the mask 
stage; a releasing step for releasing the attraction by 
the mask chuck after the mask, being held by attrac- 
tion through the mask chuck in the first attracting step. 
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is gripped by the mask hand; a positioning step for 
pressing the mask, gripped by the mask hand in the 
releasing step, against th reference means through 
a drive of the conveying means, and detecting the 
pressing force applied to the mask hand through the $ 
mask and stepping the drive of the conveying means 
when the detected pressing force reaches a predeter- 
mined set pressing force; and a second attracting step 
for holding by attraction the mask through the mask 
chuck alter the operation of the conveying means is 10 
stopped in the positioning step. 

The mask hand may grip the mask in an upright 
state, and the mask chuck of the mask stage may hold 
by attraction the mask in an upright state. 

Astraingaugemaybeusedtodetectthe pressing 15 
force applied to the mask hand through the mask. 

A piezoelectric type pressure transducer may be 
used to detect the pressing force applied tolhe mask 
hand through the mask. 

In the present invention, the mask conveyed by 20 
the conveying means is once held by the mask chuck 
of the mask stage with attraction, so that the attitude 
of the mask is corrected to follow the mask chuck sur- 
face of the mask stage. After this, in that state, the 
attraction of the mask chuck is released. Thus, the is 
mask can be pressed against the positioning refer- 
ence means on the mask stage while being held in 
parallel to the mask chuck. Therefore, the mask can 
be accurately positioned along the mask chuck sur- 
face of the mask stage. Further, when the mask is 30 
pressed against the reference means, the pressing 
force applied to the mask hand through the mask is 
detected, the detected pressing force reaches a pre- 
determined set pressing force, the pressing of the 
mask to the reference means Is stopped. This pre- 35 
vents an unnecessarily large pressing force from 
being applied to the mask for the positioning. 

In accordance with another aspect of the present 
invention, there is provided a method of controlling a 
conveying device having a gripping means for grip- 40 
ping an article to be conveyed and a conveying means 
having the gripping means mounted thereon, for con- 
veying the article through a predetermined stroke, 
wherein the pressing force applied to the gripping 
means through the article is detected and, when the 45 
pressing force Is greater than a predetermined, the 
conveying operation by the conveying means Is stop- 
ped. 

Stain gauge may be used to detect the pressing 
force f the article applied to the gripping means so 
through the article. Alternatively, piezoelectric type 
pressure transducer may be used to detect the press- 
ing force of the article applied to the gripping means 
through the article. 

In the present inv ntion, th conveying operation 55 
of the conveying means Is executed while monitoring 
the pressing force appli d to the gripping means 
through the articl and, ff the pressing force b comes 



greater than a predetermined, the operation of the 
conveying means is stopped. Thus, even If collision 
occurs during the conveyance,- it Is possible to pre- 
vent damage of the article or the conveying device 
itself. 

In accordance with a further aspect of the present 
invention, there Is provided a positioning method for 
a mask, by pressing the mask against a V-shaped 
block for the positioning thereof with respect to X and 
Y directions and by rotating the mask for the position- 
ing with respect to the 6 direction, wherein the method 
includes: (a) a step for pressing the mask against the 
V-shaped block with a first pressing force so as to 
press-contact the mask to two surfaces of the V-sha- 
ped block; (b) a step for urging the mask in a direction 
away from the V-shaped block so as to reduce the 
pressing force to the V-shaped . block to a second 
pressing force lower than the first pressing force; (c) 
a step for rotating the mask under the application of 
the second pressing force; (d) a step for pressing the 
mask against the V-shaped block with the first press- 
ing force, again; (e) a step for urging the mask in a 
direction away from the V-shaped block, so that the 
pressing force to the V-shaped block decreases to a 
third pressing force lower than the first pressing force; 
and (f) a step for fixedly holding the mask under the 
application of the third pressing force. 

Preferably, the first to third pressing forces may 
be detected by a sensor, provided at the pressing 
means side of the mask, to execute feedback control. 

Alternatively, the first to third pressing forces may 
preferably be controlled on the basis of a drive quan- 
tity of a mask conveying actuator which is predeter- 
mined fn relation to the quantity of mask strain. 

The mask (mask frame) Is once pressed so that 
It is press-contacted, with certainty, to two surfaces of 
the V-shaped block, by which the positioning thereof 
with respect to the X and Y directions is accom- 
plished. The rotation in the 9 direction Is effected, with ~ 
the pressing force being decreased to substantially 
zero or a level near ft. After the 9 direction positioning, 
the mask Is again press-contacted to the V-shaped 
block. Thereafter, while the press-contact force Is 
decreased, the mask is fixedly held by attraction or 
the like. 

These and other objects, features and advan- 
tages of the present Invention wil become more appa- 
rent upon a consideration of the following description 
of the preferred embodiments of the present invention 
taken in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figur s 1A and 1 Bare schematic views, resp ct- 
ively, for explaining the positioning of a mask. 

Figure 2 is a view of a mask conveying device 
according to an embodiment of the present invention. 
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Figure 3 shows details of a mask hand of the 
mask conveying device of Figure 2. 

Figure 4 shows details of a center attracting por- 
tion mounted to the mask hand of Figure 3. 

Figure 5 is a block diagram of an exemplary con- 
veyance control system of the mask conveying device 
of Figure 2. 

Figure 6 Is a flow chart, for explaining an example 
of operation of the mask conveying device of Figure 
2. 

Figure 7 is a block diagram of another example of 
conveyance control system of the mask conveying 
device of Figure 2. 

Figure 8 Is a block diagram of another example of 
conveyance control system of the mask conveying 
device of Figure 2. 

Figure 9 is a block diagram of another example of 
conveyance control system of the mask conveying 
device of Figure 2. ~V_ 'rr*: - 

Figure 10 shows a mask conveying device 
according to another embodiment of the present 
invention. 

Figure 1 1 shows details of a 9 stage of the mask 
conveying device of Figure 10. 

' Figure 12 is a block diagram of an electric control 
system of the mask conveying device of Figure 10. 

Figure 13 is a schematic illustration, for explain- 
ing the pressing force to a V-shaped block. 

Figure 14 Is a flow chart, for explaining an 
example of operation of the mask conveying device of 
Figure 10. 

Figure 15 is a flow chart, for explaining another 
example of operation of the mask conveying device of 
^Figure 10. 

Figure 16 is a flow chart, for explaining another 
example of operation of the mask conveying device of 
Figure 10. 

Figure 17 shows a mask conveying device 
according to another embodiment of the present 
invention. 

Figure 1 8 is as blockdiagram of aaelectric control 
system of the mask conveying device of Figure 17. 

Figure 19 is a flow chart, for explaining an 
example of operation of the mask conveying device of 
Figure 17. 

Figure 20 Is a flow chart, for explaining another 
example of operation of the mask conveying device of 
Figure 17. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 2 shows a mask conveying device for use 
in an X-ray exposure apparatus, for embodying a con- 
veying device control method of the present invention. 

In this mask conveying device, a traverse unit 6 
engages a lin ar guide 7, mounted on a stationary 
base of an X-ray exposure apparatus (not shown). 



The traverse unit 6 can be moved in the X direction by 
a drive of a DC motor 12 which is transmitted through 
a flat belt 13 stretched around pulleys 8, 9, 10 and 11. 
At a longitudinal end of the traverse unit 6, a central 

5 portion of a base 14 is supported by a pin 4, projecting 
in the Z direction, rotatably about the pin (oZ direc- 
tion). To an end of the base 14, a mask hand 2 is 
mounted. The mask hand 2 serves to grip a mask (arti- 
cle to be conveyed) 1 through an ami unit 3 which has 

10 a motor (not shown) disposed therewithin and which 
is displaceable in the Z direction. Balancer 5 Is moun- 
ted to another end of the base 14. 

Referring to Figure 3, details of the mask hand 2 
will be explained. 

15 The mask hand 2 has a hand main body 18 which 

Is configured into a generally channel shape as 
viewed from the above. Provided at the opposite sides 
of the hand main body 18 are supports 20 which pro- 
ject in a direction parallel to the surface of the mask 

20 1 as gripped. Each support 20 has a projecting pin 19 
by which a substantially central portion of a finger 21 
is rotatably supported. The finger 21 has a pawl 22 
mounted to an end thereof, for gripping the mask 1. 
At the other end of the finger, there are provided a 

25 compressed spring 23 and a solenoid 24 which are 
disposed between the hand main body 18 and the 
finger. The compressed spring 23 serves to normally 
urge the end of the finger 21, having the pawl 22, in 
a closing direction. The solenoid 24 serves to move 

30 that end portion of the finger 21 in an opening direc- 
tion against the spring force of the compressed spring 
23. By the actuation of two solenoids 24, two fingers 
21 of the mask hand 2 are opened and closed. Dis- 
posed in the inside space of the hand main body 18 

35 is a magnet supporting member 28A which supports 
a center attracting means (hand magnet) 28 for mag- 
netically attracting the mask 1. The magnet support- 
ing member 28A is flexibly mounted to the hand main 
body 18 by means of two parallel springs 25A and 

40 25B. Bearing bore 28B is formed in the central portion 
of the magnet supporting member 28A. in this bearing 
bore 28B, a supporting rod 28C provided Integrally 
with the center attracting means 28 Is supported 
through a roll bearing means, axialiy movably. Thus, 

45 the supporting rod 28C is movable through a predeter- 
mined minute distance. Further, the supporting rod 
28C projects outwardly of the opposite side of the 
magnet supporting member 28A, remote from the 
attracting means. The tip end of the supporting rod 

50 28C engages with a free end portion of a leaf spring 
26 which extends uprightfrom the magnet supporting 
member 28A, whereby the center attracting means 28 
Is normally urged toward the mask 1 as gripped- 
With this structure, when the mask 1 gripped by 

55 the mask hand 2 is conveyed onto a mask stage 15 
(to be described later) and when it is engaged by a V- 
shaped block 17 (which is a r ference means pro- 
vided on the mask stage 15 for the positioning of the 
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mask with respect to the mask stage 15) or It is 
engaged by any other obstacle, the center attracting 
means 28 receives a force and is moved in a direction 
away from the mask, such that the free end of the sup- 
porting rod 28c of the center attracting means 28 s 
presses the leaf spring 26 to cause flexure of the 
same. The flexure of the leaf spring 26 can be detec- 
ted by a strain gauge 27, adhered to the leaf spring 26, 
whereby the pressing force can be detected. 

On the other hand, the mask 1 comprises a mask 10 
membrane 30 having a mask pattern 29 formed the- 
reon and a mask frame 21 having a magnetizable ma- 
terial 32 attached to a side and a bottom thereof. The 
magnetizable material 32 can be magnetically attrac- 
ted to the center attracting means 28. 15 

As best seen in Figure 4, the center attracting 
means 28 of the mask hand 2 comprises a permanent 
magnet 34 and three yokes 33Af33B and 33C. Each 
of the yokes 33A and 33B has an exciting coil 35A or 
35B, wound around the yoke. These exciting coils 20 
35A and 35B serves to produce, when energized, 
magnetic lines of force effective to cancel the mag- 
netic lines of force produced by the permanent mag- 
net 34. 

As the magnetizable material 32 of the mask 25 
frame 31 comes close to the center attracting means 
28, a closed magnetic circuit is formed by means of 
the permanent magnet 34, the magnetizable material 
32 of the mask frame 31 and the yokes 33A - 33C> 
whereby the attraction is attained, if the attraction of 30 
the mask 1 by the center attracting means 28 Is to be 
released, the exciting coils 35A and 35B are ener- 
gized. In response, a magnetic force is produced in a 
direction cancelling the magnetic lines of force of the 
permanent magnet 34, whereby the attraction is 35 
released and the mask 1 can be disengaged from the 
center attracting means 28. 

In the above-described mask conveying device, 
the mask hand 2 grips the mask 1 while the fraverse 
unit 6 moves along the linear guide 7, so as to execute 40 
the positioning and holding of the mask 1 upon the 
mask stage 15 which is equipped with a mask chuck 
1 6 for magnetically attracting the mask 1 and a V-sha- 
ped block 17 which is a reference means to be used 
for the positioning of the mask frame 31. 45 

Referring now to Figure 5, a conveyance control 
system for controliing the conveying operation of the 
mask conveying device will be explained. 
, The conveyance control system of this embodi- 
ment includes a conveyance CPU (central processing 50 
unit) 40, a traverse unit pulse controller 4 1 for produc- 
ing a pulse train (POUT and a rotational direction sig- 
nal DIR necessary for rotation of a DC motor 12, a 
motor driver 42 for driving the DC motor 12 In res- 
pons to the rotational direction signal DIR and the 55 
pulse train POUT, an arm unitZ-axis driver 43, a mask 
hand pening/closing driver 44, a mask chuck driver 
45, and an encoder 46 for monitoring the quantity of 

6 



rotation of the DC motor 12. 

The conveyance CPU 40 serves to control the 
mask conveying operation as a whole, and is adapted 
to supply to the traverse unit pulse controller 41 the 
control data designating the direction and quantity of 
movement of the traverse unit 6, namely, the direction 
and quantity of rotation of the DC motor 1Z Also, 
when a mask 1 Is to be taken out of a mask cassette 
(not shown) or when it is to be transferred to the mask 
stage 15, the conveyance CPU serves to actuate the 
solenoid 24 of the mask hand 2 through the mask 
hand opening/closing driver 44 thereby to execute the 
opening/closing motion of the mask hand 2. Further, 
when a mask 1 is to be transferred to the mask stage 
1 5, it serves to actuate the arm unit 3 through the arm 
unit Z-axis driver 43 to cause minute displacement of 
the mask hand 2 In the 2 direction (see Figure jjirid, 
additionally, it operates through a mask chuck driver 
45 to bring the mask chuck 16 of the mask stage 15 
into an attracting state or a non-attracting state. 

The conveyance CPU 40 monitors the pressing 
force as detected by the strain gauge 27 mounted to 
the mask hand 2. Particularly, as the mask 1 gripped 
by the mask hand 2 is brought by conveyance to the 
mask stage 15 and Into engagement with the V-sha- 
ped block 17 and when the pressing force applied to 
the strain gauge 17 reaches a level within a predeter- 
mined set range of pressing force, the conveyance 
CPU supplies to the traverse unit pulse controller 41 
the control data designating stoppage of the rotation 
of DC motor 12. The DC motor 12 is communicated 
with the encoder 46, such that with the encoder 46 the 
quantity of rotation of the DC motor 12 Is fed back to 
the motor driver 4Z 

Referring now to the flow chart of Figure 6, the 
operation of this embodiment will be explained. 

First, a mask 1 is taken out of a mask cassette 
(not shown) by the mask hand 2 and, then, the mask 
Is rotated by 180 degrees by means of a rotating 
mechanism of me base 14 having'the arm unit 3 
mounted thereto, so that the mask Is aligned with res- 
pect to the direction of Impingement against the V- 
shaped block 17 on the mask stage 15. Then, in this 
state, the traverse unit 6 is moved toward the mask 
stage 15 (step 51). At this time, the surface of the 
mask 1 gripped by the mask hand 2 is not coplanar 
with the surface of the mask chuck 16 of the mask 
stage 15, but the mask 1 is located above the mask 
chuck 16 surface with respect to the Z-axis dfrection 
(the direction perpendicular to the sheet of the draw- 
ing). Just before the mask 1 engages the V-shaped 
block 17, the movement of the traverse unit 6 is stop- 
ped. Then, the mask chuck 16 is brought into a non- 
attracting state (step 52) and. after this, the arm unit 
3 is moved downwardly along the 2 axis (step 53) to 
bring the mask 1 into contact with the mask chuck 1 6. 
Then, the.mask chuck 1 6 is brought Into the attracting 
state (step 54), and the mask hand 2 releases the 
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mask 1 (step 55). 

In this state, the mask Is attracted to and held by 
the mask chuck 16, such that Itfollows the maskstage 
surface. However, there Is a possibility that the mask 
1 as taken out of the mask cassette and gripped by the 
mask hand 2 is not a fixed position within the mask 
hand 2 and is held with inclination such as Slusfrated 
in Figure 1A. If In such state, the mask 1 is positioned 
by pressing the same against the V-shaped block 17 
on the mask stage 15 and Is attracted to the mask 
chuck 16, then there is caused a positioning error 
(gap) between the V-shaped block and the mask 1 as 
illustrated in Figure 1B. 

In the present embodiment, to avoid such a posi- 
tioning error, at step 55 as described the attitude of the 
mask 1 is corrected by attracting and holding the 
mask 1 to and by the mask chuck 16. 

Subsequently, the mask 1 attracted to and held 
by the mask chuck 16 ffsJepJ55-Is re^grtpped by the 
mask hand 2 (step 56), and-the" mask chuck 16 is 
brought into the non-attracting state (step 57). At this 
time, the mask 1 is in an open state with respect to the 
mask stage 15, and the mask 1 is at a fixed position 
within the mask hand 2, namely, the mask surface is 
parallel to the mask stage surface. In this state, the 
traverse unit 6 is moved toward the mask stage 15 
(step 58), whereby the mask 1 gripped by the mask 
hand 2 Is pressed along the mask stage 15 surface 
against the V-shaped block 17. By means of the strain 
gauge 27 provided on the mask hand 2, correct press- 
ing force for the positioning of the mask 1 can be 
d tected. 

The pressing force as detected by the strain 
gauge 27 Is monitored by the conveyance CPU 40 as 
described and, until the pressing force reaches a level 
within the predetermined range of set pressing force 
(s t pressing force ± a), the traverse unit 6 is dis- 
placed to continue the pressing of the mask 1 (steps 
59 and 60). When the pressing force detected by the 
strain gauge 27 reaches a level within the range of set 
pressing force, the movement of the. traverse unit 6 Is 
stopped and, additionally, the mask chuck 16 is ren- 
dered Into the attracting state (step 61) and the mask 
hand 2 releases the mask 1 (step 62). Thus, the mask 
1 is attracted to and held by the mask chuck 16 in a 
predetermined engagement state with the V-shaped 
block 17 of the maskstage 15, whereby it is positioned 
and fixed with respect to the mask stage 1 5. After this, 
the traverse unit 6 is moved toward the mask cas- 
sette, and the positioning operation of the mask 1 with 
respect to the mask stage 15 is accomplished (step 
63). 

In this embodiment, a DC motor Is used as a drive 
source for the traverse unit 6 and the quantity of rota- 
tion of the DC motor is monitored through a feedback 
loop using an encoder. However, a pulse motor may 
be used as the drive source and, in that occasion, the 
rotation of the pulse motor may be contrail d in an 



open loop. 

With the structure of the present embodiment, the 
following advantages are provided. 

(1) For the positioning of a mask, the mask is once 
5 attracted to a mask chuck of a mask stage prior 

to the mask pressing operation. This assures 
attitude correction of the mask along the surface 
of the mask stage, such that, in the mask pressing 
operation, the mask is pressed against a refer- 
to ence means of the mask stage along the surface 
of the mask stage. Therefore, the mask can be 
positioned accurately without a positioning error 
such as a gap between ft and the reference 
means. 

15 (2) As the mask is pressed against the reference 

means on the mask stage, the pressing force 
applied to the mask is detected. When the detec- 
ted pressing force reaches the level of a seL 
_ pressing force, the mask pressing operation is 

20 stopped and the mask is attracted to and held by 

a mask chuck of the mask stage. This is effective 
to avoid application of excessive pressing force 
for the mask positioning and, thus, is effective to 
prevent strain or distortion of the mask pattern. 

25 Further, the pressing force applied to the mask 

during the positioning operation can be substan- 
tially constant and, therefore,, a large positional 
deviation is not caused and the positioning pre- 
cision is enhanced. 

30 Referring now to Figure 7, another example of 

control system for the conveying device will be exp- 
lained. ' 

In this example, the conveying device is equipped 
with a conveyance CPU 260 for controlling the con- 

35 veying system as a whole in response to Instructions 
supplied from a controller, such as a CPU, of a main 
assembly of an exposure apparatus. Under the con- 
trol of the conveyance CPU 260, a DC motor 263 is 
driven through a pulse controller 261 and a motor 

40 driver 262, whereby the conveying operation is effec- 
ted. 

In response to a signal from the conveyance CPU 
260, the pulse controller 261 supplies to the motor 
driver 262 a rotational direction signal DIR and a pulse 
45 train POUT, corresponding to the quantity of move- 
ment of the movable portion, both necessary for rota- 
tion of the DC motor 263. In accordance with the 
rotational direction signal DIR and the pulse train 
POUT from the pulse controller 261, the motor driver 
so 262 rotates the DC motor 263. Also, the quantity of 
rotation of the DC motor 263 is monitored constantly 
by an encoder 264 and is fed back to the motor driver 
262. Further, in this conveying device, two limit sen- 
sors (position limiting means) 265 and 266 are pre- 
ss vided at the opposite ends of the movable stroke of 
the movable portion on the conveying path. These 
limit sensors are connected to signal Input terminals 
+EL and -EL of the puis controller 261, and produce 
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limiting signals in the corresponding conveying direc- 
tions, resp ctfvely. if a limiting signal is outputted from 
the limit sensor 265 or 268 to the signal input terminal 
+EL or -EL of the pulse controller 261, the output of 
the pulse train POUT to the motor driver 262 from the 
pulse controller 261 is prohibited through hardware 
logic, whereby the overrunning of the conveying 
device in a corresponding direction Is prevented. This 
Is an own function of the pulse controller 261 indepen- 
dently of a control program and Is called as "end limit 
function". 

In the conveying device of Figure 7, however, if 
the movable portion becomes immovable by collision, 
for example, no feedback signal is outputted to the 
motor driver 262 from the encoder 264. Further, In the 
motor driver 262, accumulated pulses for the motor 
driving in the direction of cbrrveyarrce^fo be made in 
the conveying operation do not decrease. Therefore, 
the motor driver 262 continues to apply a driving cur- 
rent to the motor 263. 

An Improved conveyance control system for a 
mask conveying device will be explained. In conjunc- 
tion with Figure 8. 

This conveyance control system is equipped with 
a conveyance CPU 233, a pulse controller 234 for out- 
putting a rotational direction signal DIR and a pulse 
train POUT necessary for rotation of a DC motor 212, 
a motor driver 235 for driving the DC motor 21 2 in res- 
ponse to the rotational direction signal DIR and the - 
pulse train POUT, a voltage comparator 236, a switch 
237 and two AND circuits 238 and 239. 

The voltage comparator means 236 comprises a 
preamplifier 243, a variable resistor 244 and a voltage 
comparator 245. The preamplifier 243 receives detec- 
tion Information from a strain gauge 27 provided on 
the mask hand 2. The variable resistor 244 serves to 
s t a reference voltage which represents the limit of 
pressing force to be applied to the mask during con- 
veyance thereof. The voltage comparator 245 serves 
to compare a detection voltage from the preamplifier 
243, corresponding to the detection information from 
the strain gauge 27, with the reference voltage and, If 
the detection voltage is higher than the reference volt- 
ag , it produces and supplies, through an inverter 
246, an STR signal for stopping the conveyance of the 
maskl. 

The STR signal is applied to the conveyance CPU 
233, for controlling the conveying system as a wholei 
a stop terminal of the motor driver 234 and a terminal 
a of the switch 237. The switch 237 is of the type that 
th connection terminal is interchangeable in accord- 
ance with the orientation of the mask hand 2. More 
specifically, a mask hand orientation detecting sensor 
242 is coaxlally mounted with a pin 4 at the ngage- 
ment between the mask hand 2 and the supporting 
member 6, and this sensor serves to d tect whether 
the mask hand 2 ori ntation is In the positive X-direc- 
tion or In the negative X direction, with referenc to a 



boundary defined by the Y-Z plane (see Figure 2). If 
the mask hand 2 orientation is in th positive X direc- 
tion, in the switch 237 the terminals a and c are con- 
nected to each other. If the mask hand 2 orientation 
5 Is In the negative X direction, in the switch 237 the ter- 
minals a and b are connected to each other. 

Each of the terminals b and c of the switch 237 is 
connected to an Input terminal of corresponding one 
of the AND circuits 238 and 239 each being of a dual- 
10 input type. Another input terminal of each of the AND 
circuits 238 and 239 is connected to corresponding 
one of the limit sensors 240 and 241, constituting the 
position limiting means for the movement of the sup- 
porting member 6. Further, the output terminals of the 
15 circuits 238 and 239 are connected to signal input ter- 
minals -EL and +EL of the pulse controller 234, such 
that the pulse controller 234 provides an end'iimit 
function. The DC motor 212 is connected to an 
encoder 247, whereby the quantity of rotation of the 
20 DC motor 212 is fed back to the motor driver 235. 

The operation of the mask conveying device of 
the present embodiment will be explained. 

A mask 1 is taken out of a mask cassette (not 
shown) disposed at the left-hand side of the mask 
25 conveying device (in the negative X direction In Figure 
2) by means of the mask hand 2. After taking out the 
mask 1. the mask hand 2 moves In the positive X 
direction to the center of the linear guide 7 while it is 
being oriented In the negative X direction. At the cent- 
30 ral position of the linear guide 7, the mask hand 2 is 
rotated clockwise (©z direction) about the pin 4 in Fig- 
ure 2, such that it faces to the mask stage 15, as In 
the state shown In Figure 1. Then, the mask hand 2 
further moves in the positive X direction to transfer the 
35 mask 1 to the mask stage 15. 

If, in this case (during movement in the positive X 
direction in the state of Figure 2), an unwanted obsta- 
cle (such as, for example, a portion of the waferstage 
to be retracted) is on the corrveyjngjDath, the mask 
40 frame 31 collides against such* obstacle. Then, the 
leaf spring 26 is flexed and, as a result, the output of 
the strain gauge 27 increases. If the strain gauge out- 
put Increases beyond a predetermined (reference 
voltage), a STR signal is outputted from the voltage 
45 comparator 245 to the terminal a of the switch 237. 
Since, in the switch 237, underlhe Influence of the 
mask hand orientation detecting sensor 242, the ter- 
minals a and c are connected with each other so that 
the end limit function operates in the direction of orien- 
50 tation of the mask hand 2 (I.e. the positive X direction), 
the STR signal Is passed through the AND circuit 239 
and is applied to the +EL terminal of the pulse control- 
ler 234. In response, the pulse train POUT from the 
pulse controller 234 is stopped. If the motor 21 2 com- 
55 prises a step motor, the stoppage of the puis train 
POUT causes the motor to stop the rotation. However, 
in the case of DC motor as in the present mbodiment, 
If pulses for driving the DC motor 212 are accumu- 
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lated In the motor driver 235, the motor does not stop 
quickly. In the present embodiment, how ver, the 
STR signal Is applied also to the stop terminal of th 
motor driver 35 and, therefore, it Is possible to stop the 
DC motor 212 substantially at th same time as the 5 
generation of the STR signal. 

Further, since the STR signal Is applied also to 
the conveyance CPU 233, the cause for the stoppage 
of the DC motor 21 2 can be discriminated and neces- 
sary measures therefor can be taken easily, tf, for 10 
xample, the stoppage occurs during the conveyance 
of the mask 1 in the positive X direction as described, 
since in the switch 237 none Is connected to the ter- 
minal b, the mask hand 2 Is movable in the negative 
X direction unless a signal is Inputted to the -EL ter- 15 
minal of the pulse controller 234 from the limit sensor 
240, such that an error processing routine can be star- 
ted immediately. 

Referring now to Flgure^another embodiment 
will be explained. In the preceding embodiment the 20 
reference voltage of the voltage comparator means is 
set by using a variable resistor, in the present embo- 
diment it is set by using a digltal-to-analog converter 
(hereinafter "D/A converter*) 252 such as shown in 
Figure 9; - 25 

In this example, a digital input of the D/A con- 
verter 252 is connected through a bus 255 to a similar 
conveyance CPU 233 as described, such that a des- 
ired reference voltage can be set through the con- 
veyance CPU 233." " 30 

This makes ft possible to change the reference 
voltage level, outputting an STR signal to stop the 
conveying operation, in accordance with the type or 
"moving speed of an article to be conveyed, for 
example. 35 

In the preceding embodiments, the DC motor of 
the conveying means is stopped only when the press- 
ing force applied to a mask (an article to be conveyed) 
during the conveyance exceeds a predetermined 
value. However, It is a possible alternative that a tol- 40 
erable range for the pressing force of a mask to a 
strain gauge may be set with its lower limit set to be 
equal to the pressing force of a mask, gripped by the 
mask hand, to the strain gauge mounted to the mask 
hand and with its upper limit set to be equal to the 45 
above-described predetermined value for stopping 
the DC motor. In that occasion, by discriminating dur- 
ing conveyance whether the pressing force detected 
by the strain gauge is within the tolerable range or not, 
It Is possible to detect fall-off of the mask from the so 
mask hand. 

Further, In the preceding embodiments a strin- 
kage Is used as the gripping state detecting means, a 
piezoelectric type pressure transducer may be used 
in a slmHar way. 55 

In these embodiments of the present invention, 
as described hereinbefore, during conveyance the 
pressing force applied to an article being conveyed is 



detect d and, if the detected pressing force is greater 
than a predetermined, the conveying operation of the 
conveying means is stopped. Therefore, no exces- 
sive force Is applied to th article and the article can 
be conveyed safely. Further, if collision occurs during 
the conveyance, it is possible to prevent damage of 
the article or the conveying device itself and, theref- 
ore, the sureness of safety of the conveying device is 
enhanced. Additionally, there is an advantage that the 
cause for increase in the pressing force can be dis- 
criminated quickly. 

Figure 10 shows In a plane a mask transfer 
mechanism to which the present invention is applied. 
Here, a mask is conveyed with its surface placed 
upright in a vertical direction. 

The mask conveying device includes a mask 
slide portion 308 and a guide portion 309. Denoted at 
31 0 Is a coupling portion through which the slide por- 
tion 308 is mountedjonto a linear guide 312 of the 
guide portion 309, for sJidmcTmovement in theX-axis 
direction as denoted by an arrow A. Denoted at 31 1 
is a driving belt for the sliding motion of the slide por- 
tion 308. Denoted at 313 is a mask hand for gripping 
side faces of a mask frame 31 4. Denoted at 315 is an 
attracting member for attracting the side face of the 
mask frame 314 through magnetic means or the like. 
Denoted at 316 is a pressing force detecting leaf 
spring having a strain gauge (not shown) adhered on 
its surface. Actually, the mask frame 314 has a ring- 
like shape, and a mask (not shown) having a pattern 
formed on its central part is adhered to the mask 
frame. "Denoted at 317 is a mask stage to which the 
mask frame 314 Is to be transferred, denoted at 318 
is a V-shaped block, denoted at 319 is an attracting 
means, and denoted at 320 is a rotational positioning 
pin. The remaining portion of the device is essentially 
the same as the device of Figure 2. 

Figure 11 shows the structure of a 9-drive portion 
of the mask stage 317. Denoted at 321 Is a 8 stage 
base; at 322 Is a piezoelectric device for rotational dis- 
placement in the 6 direction; at 323 is as lever enlarg- 
ing mechanism for enIarging-the=dispIacementof the 
piezoelectric device 322; at 324 is a mask chuck; at 
325 is a displacement sensor for measuring the rela- 
tive rotational angle of the mask chuck 324. relative 
to the 9 stage base 321, approximately in terms of rec- 
tilinear displacement In the circumferential direction; 
and at 326 Is a vibration attenuating damper. The 
mask 314 held by the mask chuck 324 can be 
rotationaDy driven in the 6 direction by a drive of the 
piezoelectric device 322 and through the lever enlarg- 
ing mechanism 323. 

Figure 12 is as control block diagram of an elec- 
tric system of the mask conveying and transferring 
mechanism. The strain gauge 317 adhered to the 
pressing force detecting leaf spring 316 (Figure 10) is 
connected to a strain computing circuit 329 through a 
bridge circuit 328, an amplifier 340 and an AJD con- 
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verter 341. The computing circuit 329 Is coupled to a 
CPU 330 through a bus line, Th attracting means 315 
(Figure 10) for attracting side surfaces of the mask 
frame is mountably/demountably controlled by a mag- 
net 331 which is driven by a driver 332. The open- 
ing/closing control of the mask hand 313 (Figure 10) 
is executed through two solenoids 333 and 333' which 
are energized by the driver 332. The slide portion 8 
(Figure 10) is driven by a pulse motor 334 through an 
X-axis driver 337. The drive of the piezoelectric device 
322 (Figure 1 1 ) is controlled through a driver 335. The 
computation of the quantity of strain based on the out- 
put of the bridge circuit 328 as well as the drive of the 
drivers 332, 335, 336 and 337 are executed under 
sequence control of the CPU 36 through the bus line 
and respective Interfaces 343, 344, 345 and 346. 

In this embodimentrfbr^e^postHorilfig of a mask 
being placed upright in a vertical dlrectlorirthe mask 
frame 314 can be pressed against the V-shaped block 
318 with three, first to third, different forces. 

The pressing force (abutting force) of the mask 
fram 314 to the V-shaped block 318 can be calcu- 
lated In the following manner: In Figure 13, F is the 
abutting force, W is the mask frame weight, f is the fric- 
tion force between the mask frame 314 and the V-sha- 
ped block 318, G Is a half of the opening angle (29) of 
the V-shaped block 31 8, u. is the friction coefficient be- 
tween the V-shaped block 318 and the mask frame 
3 1 4 V and P 1 and P2 are the forces applied to two sur- 
faces (two points) 318a and 318b of the V-shaped 
bl ck 318. Then, from the drawing, it is seen that 
P1 = Fcose + WsinG 
P2= FsIne-f-Wsin8 

N = FsinS - u<W+F)sin9 - WsinO 
Therefore, the pressing force applied to the two points 
on the V-shaped block 318 (pressing force for inti- 
mately contacting the mask frame 314 to the V-sha- 
ped block) F Is expressed as follows: 
F = [Wsin0(1 -iTi)+P2]/[sine(1-u)r- 
In this embodiment, the calculation Is made under 
the conditions that the mask weight (W) Including the 
weight of the mask frame is 120 g, the friction coeffi- 
cient (h) is 0.4, the force (P2) applied to the V-shaped 
block is 10 g, and 0 is equal to 45 deg. 

The first pressing force as described is the press- 
ing force for ensuring certain engagement of the mask 
frame with the two surfaces of the V-shaped block. If 
the first pressing force is too small, it is possible that 
the mask frame contacted to one surface of the V-sha- 
ped block Is stopped due to the friction with the one 
surface and it does not contact to the other surface. 
In consideration thereof, a pressing force F of a cer- 
tain magnitude or more is necessary for enhanced 
reliability of positioning in the X and Y directions as 
well as onstant reproducibility. In this case, the mask 
pattern strain is in a range of resilience and, since the 
pressing force Is weaken d as the mask Is attracted, 
as will b described later, it does not degrade the pat- 
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tern precision, in this embodiment, the first pressing 
force is set to be equal to 320 gf in accordance with 
the quantity as calculated by using the aforemen- 
tioned equation. 
5 The second pressing force is the pressing force 

for the positioning of the mask frame in the 6 direction. 
More particularly, when the 6 stage 324 is rotated with 
the mask frame 314 being aligned with respect to the 
pin 320 of the maskstage 317 (Figure 10), the press- 
10 ing force F to the V-shaped block 31 8 Is made so small 
such as zero (zero), for example. This makes It poss- 
ible to prevent production of foreign particles through 
sliding friction between the mask frame and the V- 
shaped block. Further, even if the gripping force of the 
is mask hand 308 is weak, it is possible to prevent dis- 
placement of the mask frame 314 with the V-shaped 
-block 318. In this embodiment/the second pressing 
force is set to the equal to 0 (zero) gf, for example. 
The third pressing force Is the pressing force as 
20 the mask frame positioned with respect to the X, Y and 
6 directions is to be attracted. By fixing and holding the 
mask (mask frame) with the third pressing force, smal- 
ler than the pressing force for the X and Y axis posi- 
tioning, it is possible to suppress the pattern 
25 distortion, caused at the time of positioning, to a level 
in a predetermined allowable range. This force is the 
lower limit force, not causing degradation of the posi- 
tioning precision of the mask with respect to the X and 
Y directions;- m this embodiment, in consideration 
30 thereof, the third pressing force is set to be equal to 
240 gf . • 

Figure 14 illustrates an example of mask transfer 
sequence. 

If the holding of the mask by the mask hand is dls- 

35 criminated (step 400), the X-axis stage 310 of the 
mask conveying device is driven to convey the mask 
toward the V-shaped block 318 on the mask stage 
317 (step 401). As the mask engages with the V-sha- 
ped block, it is detected (step_4Q2), The.pulsewise 

40 feeding by the motor 334 is continued until the mask 
presses the V-shaped block 318 with a predetermined 
pressing force (step 403). If the predetermined press- 
ing force Is attained, on an assumption that the posi- 
tioning of the mask In the X and Y directions is 

45 accomplished , 9 drive of the mask stage 324 Is effec- 
ted to rotate the mask for the positioning of the same 
in the 9 direction (step 404). Subsequently, the mask 
frame is pressed toward the stage 317 along the Z 
axis (rotational axis) (step 405). With the mask being 

so pressed by a predetermined pressing force, It is 
attracted to the stage 317 (step 406). Thereafter, the 
mask hand 308 Is opened (step 407) and the convey- 
ing portion is moved away from the stage position 
(step 408), and thereafter the mask hand 308 is 

55 closed (step 409). By this, the mask transfer is accom- 
plished. 

In accordance with this s quenc , however, 
since the 8 drive is effected with the mask frame being 

10 
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pressed strongly against the V-shaped block, there is 
a high possibility of production of foreign particles due 
to the sliding friction between the mask (mask frame) 
and the V-shaped block. 

The mask positioning method according to an 
aspect of the present invention can be embodied in 
two control methods. 

A first method is one in which the strain gauge 
fixed (d the ieaf spring 316 is used. More particularly, 
In this method, the pressing force of the mask frame 
(mask strain) is produced by pressing, through the 
leaf spring 316 (Figure 10) of the mask hand 308, the 
attracting member 315 which Is attracting and holding 
the mask frame 314, and the pressing force corre- 
sponding to the mask strain is measured by electri- 
cally detecting the quantity of flexure of the leaf spring 
316 by the pressing force, as a change in resistance 
- of the strain gauge adhered to the leaf spring 315. On 
the basis of me~ detected^presslng^force, the first to 
third pressing forces F are calculated aricJrin accord- 
ance with these pressing forces, the actuators are 
feedback controlled. 

A second method Is one in which the relationship 
between the pulsewise feeding quantity of the motor 
334 arid the pressing force corresponding to the mask 
strain (strain of leaf spring) is detected beforehand 
and, on the basis of this relationship, necessary num- 
ber of pulses for obtaining a predetermined pressing 
force is determined, and the actuators are 
open/controlled accordingly. 

Figure 15 shows the flow of sequence control 
according to the first method. In response to the mask 
conveying instruction from the CPU 330, the mask 
v hand 308 moves toward the mask stage 317 (step 
438). As the mask (mask frame) engages with the V- 
shaped block 318, the pulsewise feeding of the motor 
334 is continued until the first pressing force (320 gf) 
Is provided (step 439). If the first pressing force is 
reached, the pulse motor 334 is driven reversely (step 
440). This reverse feeding is continued^ until the 
pressing force of the mask becomes equal to the sec- 
ond pressing force (0 gf) or a predetermined threshold 
near it (step 441). If the second pressing force is 
attained, the pulse motor drive Is stopped and the 6 
stage 324 is 0-rotated by the piezoelectric device 322 
(step 442). 

Subsequently, the pulse motor is driven again to 
provide the first pressing force as the pressing force 
against the V-shaped block (step 443) and. subse- 
quently, the pulse motor Is driven reversely so as to 
establish the third pressing force (240 gf) as the 
pressing force against the V-shaped block (step 444). 
As the third pressing force is reached, the motor drive 
is stopped and the mask frame Is attracted to and held 
by the mask chuck 324 (step 445). Thereafter, the 
mask hand Is opened to release the mask (step 446) 
and the attraction of the attracting m mber 315 is tur- 
ned off (step 447). The mask hand la then moved 



away from the stage position (step 448), whereby the 
mask transfer is accomplished. 

Figure 16 shows a sequence control flow for the 
mask positioning according to the second method. 
5 First, the mask hand 308 is moved toward th mask 
stage 317, and the pulse feeding of the motor 334 Is 
effected until the first pressing force is reached (step 
450). For such pulsefeedlng, the passage of the mask 
hand 308 by a predetermined position may be detec- 
ts ted, and the number of pulses necessary for obtaining 
the first pressing force, from the detected position, 
may be determined beforehand, such that the motor 
feeding may be effected by the determined number of 
pulses. 

is After the first pressing force is attained, the motor 

334 is driven reversely by an amount corresponding 
to a predetermined number of pulses, to thereby 
attain the second pressing force (step 451). -In this - 
state, the stage 324 is a-rotated (step 452).jnien, the 

20 motor 334 Is driven again in the positive direction 
(pressing direction) by a predetermined number of 
pulses, to thereby attain the first pressing force (step 

453) . Subsequently, the motor 334 is driven reversely 
by a predetermined number of pulses, so as to reduce 

25 the pressing force to the third pressing force (step 

454) . In this state, the mask frame Is attracted to the 
mask stage 317 and is held thereby (step 455). After 
this, the mask hand 308 Is ope ned to release the mask 
314 (step 456), and the attraction of the mask 314 by 

30 the attracting member 315 is turned off (step 457). 
The mask hand is then moved away from the stage 
position (step 458), whereby the mask transfer Is 
accomplished. In accordance with the second 
method, use of a strain gauge is not necessary. Thus 
35 the structure for the control is simple and the oper- 
ation time is shorter. 

In these embodiments of the present Invention, 
as described hereinbefore, a mask frame Is pressed 
against a pos ftioning V-shaped block with a predeter- 
40 mined pressure, with the mask frame being placed 
upright substantially In a vertical direction and, after 
this, the pressing force" is weakened and then the 9 
rotation and mask attraction are effected. Therefore, 
it is possible to suppress production of foreign parti- 
es cles due to the friction between the mask frame and 
* the V-shaped block during the 9 rotation. Also, the 
pressing force can be controlled in consideration of 
mask strain and, therefore, the strain can be main- 
tained in a low constant range. Thus, variation in mask 
50 pattern strain can be reduced. Further, the X and Y 
positioning can be made with a predetermined high 
pressing force, the positioning precision or the repro- 
ducibility does not degrade. Additionally, the 9 rota- 
tion or the mask attraction is effected with a 
55 decreased pressing force, damage or abrasion of the 
V-shaped block surface can be prevented, and pro- 
tection of the V-shaped block is attained and, on the 
other hand, decrease in the positioning precision is 

11 
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avoided. 

Figure 17 shows another mbodiment of the 
mask transfer mechanism, which is a modified f orm of 
the Figure 10 embodiment In Figure 17, denoted at 
361 is a parallel leaf spring mechanism which com- s 
prfses two leaf springs for supporting an arm unit 3 
movaWy In the Z-axis direction relative to a base 4 
(see Figure 2). An end of the leaf spring mechanism 
is fixed to the base 4, while the other end thereof is 
fixed to the arm unit 3. The arm unit 3 includes a mask 10 
hand 313 on which two solenoids 333 and 333' for 
opening/closing two fingers 21 are provided. 

Z-axis drive motor 362 is fixed to the base 4 and 
comprises a DC motor, for example. The motor 362 
has an output shaft which Is coupled to a bearing 364 is 
through an eccentric coupling 363. Denoted at 365 is 
a bearing guide provided dhWeaWunitS, for holding 
the ccentric coupling 363. With this structure, as the 
eccentric coupling 363 Is rotated by the motor 362, the 
mask hand 313 moves in the Z-axls direction while 20 
causing deformation of the leaf spring 361 in accord- 
ance with the quantity of eccentricity. The remaining 
portion of this embodiment Is essentially the same as 
that of the Figure 1 0 embodiment 

Figure 18 shows a control block of the mask 25 
transfer mechanism of Figure 17. In Figure 18, 
denoted at 381 Is a mask hand controller for control- 
ling the drive of the Z-axis driving motor 362 through 
a Z-axis driver 380. Denoted at 390 is an attracting 
magnet driver 390 for on/off-«witching of attraction of 30 
a magnet 324, for attracting the mask 314 to the mask 
stag 317 of Figure 10. Denoted at 391 is as mask 
stage attraction interface (l/F) which Is provided be- 
tween the magnet driver 390 and the conveyance 
CPU 330, The mask hand controller 381 and the mask 35 
stage attraction interface 391 are provided to control 
th Z-axis drive motor 362 and the magnet 324, re- 
spectively. In response to Instruction signals from the 
conveyance CPU 330. The remaining portion of the 
structure of this embodiment is essential the same as 4c 
the Figure 12 embodiment 

Referring now to the flow charts of Figures 1 9 and 
20. the operation of this embodiment will be exp- 
lained. Here, Figure 19 illustrates further Improve- 
ments in operation wherein the strain gauge adhered 45 
to the leaf spring 31 6 (Figure 1 5) is used, while Figure 
20 illustrates further improvements in operation whe- 
rein the strain gauge shown in Figure 16 is not used* 
In the flow chart of Figure 19, when the operation 
of the mask transfer mechanism starts, first, the con- so 
veylng portion (arm unit) 308 is moved In the X-axis 
direction by rotation of the motor 334 to the driving 
position for the mask hand 31 3 (Figure 10) (step 500). 
After th! , the Z-axis drive motor 362 (Figure 17) Is 
actuated to move th mask hand 313 in the Z-axis ss 
direction, so as to press the mask 314 against the 
mask stage 317 (Figure 1 0) (step 501). 

In this state, the mask attracting magnet 324 of 



the mask stage 317 is rendered into non-attracting 
state (step 502) and, thereafter, the motor 334 is dri- 
ven to move the conveying portion 308 in the X-axis 
direction to the mask re-gripping position (step 503). 
In response to completion of this movement, the mask 
attracting magnet 324 is rendered Into attracting 
state, whereby the mask 314 is attracted to and held 
by the mask stage 317 (step 504). Subsequently, the 
solenoids 333 and 333' of the mask hand 313 are 
energized to open the fingers 21 (Figure 3) to release 
the holding of the mask 314 (step 505) and then to 
close the fingers 21 to re-hold the mask 314 (step 

506) . 

Thereafter, the magnet 324 of the mask stage 
317 Is rendered again into non-attracting state (step 

507) and, after this, the motor 334 is rotated to move 
the conveying portion 308 in the X-axis direction, to 
thereby move the mask hand 313 to a designated 
position at the mask stage 31 7 side, for the mask hold- 
ing (step 436). 

The above-described operation is similar to the .., 
operation made at steps 51 - 58 In the flow chart of 
Figure 6, and this is done for correcting any inclination 
of the mask 314 with respect to the mask stage 317. 

The operation to be made at steps 439 - 447 cor- 
responds to the operation of those steps In the flow 
chart of Figure 1 5 as denoted by corresponding refer- 
ence numerals and, therefore, duplicate explanation 
is omitted here. After the mask 314 is held in a pre- 
determined state by the mask stage 317 and, at step 
447, the center attracting means 315 is rendered Into 
non-attracting state, the conveying portion 308 is 
moved again along the X-axis direction to the driving 
position for the mask hand 313 (step 508). After this, 
the mask hand 313 is moved in the X-axis direction, 
away from the mask stage 317 (step 509). Then, the 
mask hand 313 Is closed (step 510) and, after this, the 
conveying portion 308 is moved In the X-axis direction 
while the mask hand 313 isonoved away from the 
mask stage 317 (step 448). 

The operation of the mask transfer mechanism In 
the flow chart of Figure 20 Is such that The operation 
to be made at steps 500 - 507 and the operation to be 
made at steps 508 - 510 corresponds to those to be 
made at the steps in Figure 19 as depicted by corre- 
sponding reference numerals. Also, the operation to 
be made at steps 450 - 467 and the operation to be 
made at step 458 corresponds to those In the steps 
of Figure 16 as depicted by corresponding reference 
numerals. Thus, duplicate explanation thereof is omit- 
ted here. 

While the invention has been described with 
reference to the structures disclosed herein, It Is not 
confined to the details set forth and this application is 
intended to cover such modifications or changes as 
may come within the purposes of the improvements 
or the scope of the following claims. 
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Claims 

1. A method of controlling a conveying device hav- 
ing gripping means for gripping an article to be 
conveyed and conveying m ans for conveying 
the gripping means, characterized by: 

detecting a pressing force applied to the 
gripping means through the article being con- 
veyed; and 

stopping the conveying operation of the 
conveying means when the pressing force 
exceeds a predetermined limit 

2. A method according to Claim 1 , wherein a strain 
gauge is used to detect the presslngforce applied 
to the gripping means through the article. 

3. A method according , to Claim 1, ' wherein a 
r piezoelectric ^ type pr^ore=traroducer is used to 

detect the pressing force applied tbthe gripping 
means through the article. 

4. A positioning method in a conveying device hav- 
■-: ing a hand for gripping a substrate, comprising: 

' i - a first attracting step for attracting and 
holding the substrate through a chuck, as the sub- 
strate Is conveyed onto the chuck; 

a releasing step for releasing the attraction 
of the chuck, after the substrate attracted to and 
held by the chuck in said first attracting step is 
gripped by the handr 

a positioning step for driving the conveying 
means to press the substrate, gripped by the 
hand in said releasing step, against reference 
means and for detecting the pressing force 
applied to the hand through the substrate, whe- 
rein, when the detected pressing force reaches a 
predetermined set pressing force, the drive of the 
conveying means is stopped; and 

a second attracting step for attracting and 
holding the substrate through the chuck after the 
operation of the conveying means is stopped in 
said positioning step. 



8. A method of positioning a substrate having a sub- 
stantially clrcularouter peripheral shape, by using 
a hand for holding the substrate, comprising the 
steps of: 

5 pressing the substrate against reference 

means with a first pressing force; 

urging the substrate in a direction away 
from the reference means so as to provide a sec- 
ond presslngforce, smaller than the first pressing 
10 force, forthe pressing of the substrate to the refer- 
ence means; 

rotating the substrate with the second 
pressing force applied thereto; 

pressing the substrate against the refer- 
15 ence means again with the first pressing force; 

urging the substrate in a direction away 
from the reference means so as to provide a third 
pressing force, smaller than the first pressing 
«. .. force, for the pressing of th& substrate against the 
20 reference means; and " 

fixedly holding the substrate with the third 
pressing force applied thereto. 

9. A method according to Claim 8, wherein a sensor- 
25 Is provided on the hand to detect each of the first 

to third pressing forces, for feedback control. 

10. A method according to Claim 8, wherein each of 
the first to third pressing forces is controlled in 

30 ' accordancewithaquantityofdriveofaconveying 
actuator, for the hand, which is predetermined in 
relation to a quantity of strain of the substrate. 

11. A conveying device, comprising: 
35 a hand for holding a mask; 

conveying means for conveying the hand 
in a predetermined direction; 

detecting means for detecting a force 
applied to said hand through the mask; and 
40 control means for controlling said convey- 

ing means In accordance with the detected force. 



5. A method according to Claim 4, wherein the hand 45 
grips the substrate substantially in an upright 
attitude, and wherein the chuck attracts and hold 

the mask substantially in an upright attitude. 

6. A method according to Claim 4, wherein a strain so 
gauge is used to detect the pressing force applied 

to the gripping means through the article. 

7. A method according to Claim 4, wherein a 
piezoelectric type pressure transducer Is used to ss 
detect the pressing force applied to the gripping 
means through th article. 
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